Guanine is transported into germinated conidia of Neurospora crassa by the general purine base transport system. Guanine uptake is inhibited by adenine and hypoxanthine but not xanthine. Guanine phosphoribosyltransferase (GPRTase) activity was demonstrated in cell extracts of wild-type germinated conidia. The Km for guanine ranged from 29 to 69 ptM in GPRTase assays; the Ki for hypoxanthine was between 50 and 75 ,uM. The kinetics of guanine transport differ considerably from the kinetics of GPRTase, strongly suggesting that the ratelimiting step in guanine accumulation in conidia is not that catalyzed by GPRTase. Efflux of guanine or its metabolites appears to have little importance in the regulation of pools of guanine or guanine nucleotides since very small amounts of 14C label were excreted from wild-type conidia preloaded with [8-14C]guanine. In
In comparisoin with other nucleic acid bases, relatively little work has been reported on guanine uptake and utilization. This may be due in part totthe limited solubility of guanine and its analogs which make transport and metabolic studies more difficult.
The initial step in guanine uptake is its transport across the cell membrane. Previous work (9) suggested that guanine is taken up by the general purine base transport system in Neurospora. Whether purine bases are phosphorylated during uptake, or accumulated by facilitated diffusion, the conversion by phosphoribosyltransferases (PRTases) to the impermeable phosphoribosylated form provides an obvious means of concentrating bases inside the cell. In many organisms, the enzyme which catalyzes the formation of GMP from guanine also catalyzes IMP formation from hypoxanthine and is termed hypoxanthine-guanine PRTase (HGPRtase) . In a few bacterial species (4, 6) , separate hypoxanthine PRTase (HPRTase) and guanine PRTase (GPRTase) enzymes have been demonstrated.
Guanine may be deaminated to yield xanthine by the enzyme guanase. Burridge et al. (1) reported that, in Saccharomyces cerevisiae, guanine was extensively deaminated to xanthine. Xanthine may then be degraded to uric acid by xanthine dehydrogenase and eventually excreted, or xanthine may be converted to XMP by a PRTase. In at least one organism (2), HGPRTase catalyzes XMP formation from xanthine. XMP is then converted to GMP by GMP synthetase.
In some bacteria, purine auxotrophs are capable of utilizing guanine as the sole purine supplement, whereas others, like Neurospora, can use only adenine or hypoxanthine to satisfy the purine requirement of purine auxotrophs (5) . It has been assumed that organisms incapable of satisfying their purine requirement with guanine lack the enzyme GMP reductase which catalyzes the conversion of GMP to IMP, the usual precursor for adenine nucleotide synthesis. [8-14C] guanosine and subsequent depurinization of nucleic acids. However, neither organism has sufficient GMP reductase activity to allow growth of purine auxotrophs from exogenous guanine or guanosine.
In this report, we examined the transport of exogenous guanine, the initial steps in its metabolism, and its fate in cellular nucleotides.
MATERIALS AND METHODS
Chemicals. The '4C-labeled purine bases and Omnifluor were purchased from New England Nuclear Corp. Unlabeled purine bases and 5-phosphoribosyl-lpyrophosphate were obtained from Sigma Chemical Co. Glass fiber filters were obtained from ReeveAngel. Division ,uBondapak column. Peaks were identified by retention time compared to a mixed standard and also spectrophotometrically by their ratio of absorbance at 280/254 nm. Quantitation was achieved by integration of peak areas using a chromatography control module data processor from Laboratory Data Control. Enzyme assays. Conidia from 5-to 9-day cultures were harvested in Vogel minimal media and incubated with stirring for 5 h at 30°C. The germinated conidia were caught on a membrane filter (Millipore Corp.), suspended in 50 mM Tris buffer containing 10 mM dithiothreitol, and homogenized in a Ten Broeck homogenizer, using a motor-driven pestle. Centrifugation of this crude extract at 20,000 x g for 20 min (4C) yielded a clear supernatant. HPRTase and GPRTase activities were determined using a modification of the method of Sabina et al. (15) in which [8-t4C] hypoxanthine or [8-14C] guanine was incubated with 10 .d of the supernatant. 1.0 mM dithiothreitol, 1.0 mM 5-phosphoribosyl-l-pyrophosphate. 50 mM Tris-hydrochloride buffer (pH 7.5), 5.0 mM MgCI2, and 1.0 mM ADP in a total volume of 100 p.l. The reaction was terminated by adding 50 p1 of 300 mM EDTA. A volume (50 pd) of the reaction mixture was added to DEAE circles which were washed with 10 ml of 1 mM ammonium formate, followed by 10 ml of distilled water. The circles were dried, and the radioactivity was measured as before in Omnifluor.
Acid extraction of nucleotides, nucleosides, and bases from germinated conidia. The extraction procedure is a modification of the method of Khym (8) . Samples of germinated conidia were collected on Metricel membrane filters (0.45-pLm pore size. 47-mm diameter) and washed with distilled water. The conidial residue was scraped from the filter and placed in freshly prepared, ice-cold 6% trichloroacetic acid (6.4 x 108 conidia in 1l() ml of 6% trichloroacetic acid), and kept in ice for 30 min. After centrifugation at 1,200 x g for 3 min, the supernatant was removed and added to 1.0 ml of freshly prepared 0.5 N tri-N-octyl amine in Freon. The mixture was blended in a Vortex mixer and then centrifuged at 1,200 x g for 2 min. The aqueous upper layer containing bases, nucleosides, and nucleotides was removed and stored in a glass vial at -20°C.
Analysis of extracts by HPLC. Before injection onto the HPLC column, all samples were filtered through a membrane filter (Millipore Corp., type HA, 0.45-p.m pore size, 1.3-cm diameter). Standards containing 0.1 mM nucleotides or 0.1 mM nucleosides and bases were added to conidial extracts before injection onto the HPLC column (10-pl standard per 100-pl extract). (14) . A Laboratory Data Control HPLC equipped with two Constametric III pumps, two UV Spectromonitors, and a chromatography control module was used. Peaks were identified by retention time compared to a mixed standard and also by their ratios of absorbance at 280/254 nm. Quantitation of peaks was achieved by integration of peak areas using the Chromatography control module data processor. The radioactivity was determined by adding each fraction (0.5 ml) to 7.5 ml of dioxane-based scintillation fluid (300 g of naphthalene and 15 g of Omnifluor per 3 liters of scintillation-grade dioxane) and counted. The elution profile of the radioactivity was then compared to the chromatogram for the sample.
RESULTS
The kinetics of uptake of [8-14C] guanine by wild-type germinated conidia is shown in Fig. 1 . An intermediary plateau is evident in the Michaelis-Menten plot (V versus [S]), and a curved line is obtained in the double-reciprocal plot. These results are similar to those obtained for adenine and hypoxanthine transport in this organism (9, 11) and indicate that: (i) more than one transport system may be binding guanine, or (ii) the transport system has more than two binding sites which exhibit negative cooperativity for binding at lower concentrations and positive cooperativity at higher concentrations (16) . Guanine uptake in wild-type cells was inhibited by adenine and hypoxanthine (Fig. 1) and stimulated by NH4+.
In germinated conidia from the ad-8 strain, guanine transport capacity was decreased considerably from that of wild type (Fig. 1) . Initial velocities of transport were compared as nanomoles of [8-14C] The efflux of purines derived from exogenous [8-14C] guanine was studied in wild type and the xdh-J strains. The results (Fig. 3) Figure 4 shows the distribution of radioactivity in the eluted nucleotides from wild-type conidial extracts. Significant amounts of radioactivity were found in compounds, presumably nucleosides and bases which do not bind to the anion-exchange column and thus are eluted in the first 2 min. The 14C label was found in guanine nucleotides (GMP, GDP, GTP) as well as GDP hexoses. One peak of radioactivity eluted with XMP at approximately 5. To determine the distribution of 14C label from exogenous [8-14C] guanine among purine bases and nucleosides, identical samples of wildtype or xdh-I conidial extracts were injected onto a Waters C18 pMBondapak column, and separation was effected by eluting isocratically with 50 mM NH4H2PO4 (pH 6.0). The results using wild-type conidial extracts are shown in Fig. 5 . The large number of counts between 1.5 and 3.0 min represents labeled nucleotides which bind poorly to the reverse phase column under these conditions. No label was ever found in adenine which eluted after 24 min or in adenosine which eluted at 18 min. The 14C label appeared in uric acid and xanthine. Although it
.0 G is difficult to separate xanthine and hypoxanthine by this method, when a linear gradient of 50 mM NH4H2PO4 (pH 2.8), and 60/40 methanol/H20 over 20 min is used at a flow rate of 1.5 ml/min, hypoxanthine elutes with uric acid more than 1 min before xanthine. In the xdh-J strain, no uric acid is formed due to the lack of xanthine dehydrogenase activity. In conidial extracts of xdh-1, no label was ever found in the hypoxanthine peak.
DISCUSSION
Purine bases are transported into Neurospora conidia by three different transport systems, the general purine base system (9) which binds adenine and hypoxanthine, the adenine-specific system (9, 11) , and the system which binds xanthine and uric acid (12) . In wild-type cells of Neurospora, guanine appears to be transported chiefly by the general purine base transport system. Evidence for this lies in the fact that The formation of purine nucleoside monophosphates from purine bases occurs as a result of PRTase activities in the cell. In some bacteria (4, 6) , there appear to be three separate enzymes, one (adenine PRTase) specific for adenine, another (HPRTase) which binds only hypoxanthine, and a third (GPRT'ase) specific for guanine or xanthine. In Saccharom 'nces (1) and mammalian cells, hypoxanthine and guanine are converted to IMP and GMP, respectively, by the same enzyme HGPRTase (2). 'Ihe similarity in K,,, and K, values for hypoxanthine (and guanine suggests that Neurospora contains HGPRTase, similar to the yeasts. Since xanthine is converted to XMP in crude extracts of wild-type Neurospora and unlabeled xanthine inhibits GMP formation from [8-_4C] (Fig. 6) .
The efflux of purine bases. hypoxanthine, xanthine, and uric acid appears to be an important factor in regulating adenine nucleotide pools in Neurospora (14 (5) , it has been assumed that no GMP reductase is present in Nelurospora1. However, Greer et al. (5) showed that, in Neurospora conidia, a small portion of the label from 3H-or "4C-labeled guanosine was found in adenine and hypoxanthine after conidia were incubated in 0.4 M PCA for 1 h at 100°C to depurinate nucleic acids. Since the label in adenine and hypoxanthine in the study by Greer et al. (5) may have come from cellular pools of these bases, we determined the distribution of label in nucleosides and bases in our extracts. However, we found no label in adenine, adenosine, or inosine. Some label was found in xanthine and uric acid in wild-type strains, but labeled hypoxanthine could not be demonstrated in wild type or the xdh-1 strain. It would appear from our studies that, in these strains of Nelurospora, only uric acid, xanthine, and nucleotide derivatives of xanthine and guanine can be formed from exogenous guanine.
